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One of the pwe i mi a l fonnadon evaluatioo quesdons is 
that of sdeofiAg die optimal techoiqiie fbr deiennintng 
ftnoation lesisdvities. Since die caOy days of weU log- 
^ng two techniQtttS have been in co mm oo use, indDction 
andlaterolog. Each has strengths aod limitaticiisdiat tend 
to oofDplement die odiec We review die latest s^ecHoo 
soeduxis in ligtit of leoeat advances Sa bodi hardware and 
processing. 

I>evebpDients inbodi inductioaanlliiiEiDlog technology 
have advanced the stateK>f-die^ from reladvdy simple 

• eady tools to die sopUsdcated ott^ meesuieownts and 
"'^''associated post-acqui&iti<Mi processtng available today. 
■^*: With these, improvements the **overIap zone,** vAkBtt 
''~ 'enviramieQta! conditioos allow valid measorBinenis by 
'7 both induction and latefolog tOol&, has incieased. 

■ Comparison of the Cool tespooses in the overlap region 

• <fisplay& the co m p te men t aty nature of the meaauamenta. 

The pcimary selecdoa critBrioa is based on borehole 
e£fects on die measuxemems. We have developed a 
based job planner which conqiafes the operating langes 
of the anay tnducdoa and may laierolpg tods. With dw 
imjanved infomaxion comcnt of the array measuiienieDts 
we can better define borehole effects and dius either Sag 
, or more accuiatdy conect the data. Development of 
T cnvironrneotal log quality control fnr the inducdoo meas- 
I ncemeatvbdlpsideDtiiywfaaD die tool is out of its radge. 
/ The lesuk is improved accuracy and coofidence in the 
'vjDBsulting formation resistivities. This paper xeviews the 
techniqoes and ibe !sq)roved data quality ttiey yields 

. 'Seositivity to hitherto neglected environmental effects 
\ snch as anisotr^ and shale alieration have made com- 
' parison between inductioo aod laterolog tools difficult in 
' many situations. With the number of measurements 
by anay tools, one ean now use the dififerem sensitivities 
of laterolog and indneiioo measurements to son out Aese 
eovlronmental effects. 



In addition, advanced processing snch as maximnm 
enttopy and 2D faiversion lietps escplttn apparem differ- 
ences In die fommdoti lesisdvities derived frtMn the two 
measurements. Several field log examples show bodi the 
practical application of die seleedon mediodology and 
the efifoct of post-^processing on Ibnnadon lesisdvity 
evaluation. 

Esiimadoo of formatioi] lesistivitiea by induction and lat- 
erolog methods has seen slgnificam advances in the last 
several years. Bodi techniques have evolved thiou^ the 
dual mcasuremem phase (dual Induction and dual lat* 
erolog tools) to the latest ttiay measmements. 

The ATT* Array Induction Imager Tool (Hunka et at,^ 
1990; Barber er a/., 1995) generates five inductive 
responses which have their 50 pczceotUe integrated r^Kiial 
response points 10, 20. 30. 60 and 90 in. ftom the center 
of the berebole. Likewise, the HRLA* High-Resolution 
Latesolog Aireqr tool (Smits cr aiL, 1998; Griffidis et at., 
1999) geoeraies five galvanic responses ^dl varyuig 
depths of investigation. The introduction of die HRLA 
tool has addressed many of dse lindtatitms of Ihe dual kt- 
erologs (Smiis er a/., 1 995) by 

• removing the need for a bridle 

• inspiovuig Gonibinabilrty 

• dimmating ttte Groningen and drillpipc ef[b;:ts 
■ rediicing the shoulder-bed effect 

• increasing die resistivity operating range. 

Compared to die older dtal-roeasuiemsm tools, impit>ve- 
ments in materials, elecmmica and processing have 
resulted in significant increases in the operating ranges 
ofboth the array instruments. The operational and petto- BB 
physical improvetnents delivered by diese my tools 
have outdated die selection methodologies iqiplicable to 
die dual-measurement tools (5uau mt al.^ 1972). 
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Fundaxnentab 

Fonnation resistivity evaluaiion depends on two baac 
physical principles: galvanic physics, in which current is 
focused into the formation to be measund, and inductive 
ptiysics, in which electromagnetic excitation of the Poi^ 
matioa induces currents to flow. 

Gailvanie measurements have evolved Into the laterolog 
fomily of tools. These Tequire a conductive borehole 
environment so that the measure currents from die too) 
can traverse the borehole and enter the formation. 
Lateiolog insmnnents respond co'die series resistanc9 of 
the various formation leg^ons tluough wMch the neasuie 
cunents pass. 

Induction meas u ieme n ts have evolved into the artay- 
mduction femily of tools. These can operate in a non* 
concfaictive borehole environment* tnaking them the only 
option for {iomiation resistivity evaluation in otl-based 
mud (OBM). Induction instromenis respond to tbe wn- 
ducdvity of the formt^ion in which tbe tool tesponse is 
induced. Reccing diatdw addition of conductivities is 
equivalent to computing equivaleoi leslstanoes in pacal- 
\A, » shown in Figure 1, induction instmments cai be 
te^ided as bdng sensfdveto the resisiivities of thefor- 
madon legioos in partdM. 

This concept of series and parallel equivalefit resistances 
is Aindameotal to understanding die response of latoolog 
and induction instruments. In the simplest model of die 
boieiwle/ibtnndonenviionmeiit, sbown in Figure 2, tbe 
resistivities to wliich tiiese instruments respond are 
luinped iiM three eq^umdeot resistivities: and /Sr. 
To derive Ihe equivatent formation resisdvides. K,m and 
It is first necessary to «ecount fof the influence of the 
boieliole on the response of the instruments. 

BorebcAe Effects 

The degree to wliidi the borehole environment has an 
e£fect on die response of the inslxumeots is a function of 
tbe ratio of fartnadon to mud resistivity, borehole size, 
mdpositioa of the instrument In die boi^wle as well as 
tbe phydcs of measuxemem of tt» instnimenL In tbe lim- 
iting case of a noncooductive borehole (Le.* OBM), 
lateroloig instrumenis will not work while induction 
instmomis will be afanost unaffected by the borehole. 
At die other extreme, a large borehole widi very salty 
water-based mud. die tiorehole eavUonmem will liave 
considefably less influenoe on the laterolog instrument 
dian on the induction. Tbe latter will be strongly alfected 
by the oooducdvebocehole in parallel with die formation. 



The extent to which accurate compensadon for the boie- 
hole effect can be detemdned defines the extremes at 
wtdch each instrument will yield a valid tesponse with 
sensitivity 10 the formation. Figure 3 shows the screen of 
a Web-based job planno- which indicates die valid oper- 
ating ranges for tbt AIT and HRJLA tools in an infinite, 
homogeneous, uninvaded foimatioiL Tbe instrument 
response limits vary acconling to the boieiiole size, tool 
posidon. and Jti/A. ratio entered by die user: A red line is 
jdotted between die RJRm and RJR^ values to indicate 
the resistivity range e3q>ected in a given Interval. This 
allows ttie user to Judge whether die redsdvities faO in 
die AIT range, die HRLA range, <x tbe oveilap zone 
(as shown in thecase inFigme 3), where enviromnental 
conditions allow valid fbimation nKasutetnents by both 
inducdoa and laterolog instruments. 

Induction Response 

The borehole environment has different effects on the 
tesponse of induction and laterolog instruments. The ATT 
tool measures R and X signals finom eight anays^and 
forms logs that best distiU tlie infitrmation oonteot of the 
mw anay data. This piocessiiig (Baibec and Rosthal> 
1991) uses the high spatial resoludon of tbe shallow 
anays to eobanoe die vertical resolution of tbe deeper 
measurements. Where the borehole environment 
ctegrades the response of the shallow arrays, tbe high 
spadal tesdudon data are lost. For this reason die verti- 
cal resoludon of the competed responses also depades 
(Baiher et 1999a). This is indicated by tbe three 
dasted lines on ttie chart in Figure 3. The region in tbe 
lower left comer of (he chart indicates where all the ATT 
outputs are valid, inducting the 1-ft vertical resolution 
corves. In conditions diat plot above or to the right of this 
line it is possible tint die I-tt logs are inaocuiaie because 
of die borehole effect on the shallow arrays. Moving up 
ftDd to tbe right oo die chart, the oexi line iu Hirvttn the 
limit of vsilldity of die2-ft vetticat msoludon logs. Above 
and to die riglit of die diird line, the vectieal lesola- 
tion logs arc no longer valid axid the induction instrument 
is out of its operating domain. Note that tbe HRLA 
dt^ain covets the m^ority of die zone outside the 
domain of valid ATT lespotise (and vice versa). 

The chart-based approach assumes a smooth bocehole. 
When the borehole is very rough or die tool standoff utad- 
equate, the shallow arrays can be degraded, rendering the 
high-resolurion logs unusable. A rugosity-detection al^ 
rtthm has been developed to detect dds situation. A best 
lesolution flag CR). shown in Figure 4. combines die 
chart logic and die rugosity algorithm to indicate die 
highest valid resolution for the anay^toidualon data. 
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Boreholes cao become magnetic through the use of iron* 
containing weighting materiaJs. In addition* nulling of 
casing to sideixack can place the milled steel partidcs in 

the imid or iraHlcake, Tbe response of indurtioo instni- 
waas can be affected by ihe presence of magnetic mate^ 
rial in the mod. A magnetie owd flag, M, also shown in 
Figine 4^ iodicales when this condition exists. Special 
pioesssing wMch reduces the sensiiiv}^ to masofidc 
mud has been «vaUahte fiir the past two yeao. 

Imtfotog Response 

As with ioductSoQ iostraments* tneieasii^ bozefaotesize 
and mnd eonduetivity degrades the sh^ower measue- 
■neniB. Howevet; since it is die physical cIi;8taDce between 
the monitoring tiectrodes on the sooib body that deiep- 
nunes the vertical resolution of laterolog instruments, 
increasing borehole size or conductivity will render dse 



oltttionQfthedfi^iiieasiitemeDtsCSmitseraA, 1998). 
(O fliese ooodltions the shallower amys become oous^le 
because they are electrically aborted ttaioagh a large 

and 

conductive borehole. In the case of tl« HRIA array, the 
shallowest curve. RLAl . wUl saturate ot -Tlat-top*- at a 
value defined by the iW/J. ratio, borehole size, and tool 
position. This shallow amy sammtion limit is displayed 
as a vortical solid line on die itoicr plot. For e^wunple. 
m die conditions shown in Figure 5, dxis conespoods to 
. fnRLAlUmU^7370ohnMD.RLAI win be unreliable 
■ reafativitiea above this valueL Formatioa 
resistivities can be derived from the remaining foor array 



pejothplanner chart plotted in Figure 5 considers die 
ccmnation to be Infiniiie and unmvnded. TliB rnajority of 
seal reservoixs. however, are inv»Sed by some conqMoem 
of the mud during the drilling process. This creates the 
oear-wenboce aimuiiiA of altexod xe$isdviry called the 
invaded zone. wMch is assigned the equivalent invaded 
aooe resistivity. JL*. 

Considetaiian of the physics used in each of the instm- 
meots leads to die general rule of diumb diat where 
Rt>R„& latezolog instrument is pfe&ned. while when 
RjQ> Rt an induction instnuneot is pteftntd. 

As an example of the invasion effect. Figure 4 shows a 
thick sand In which both array induction and array lat- 
erolog data were confuted. The job-planner plot for 

CbGse condiciOttS, stiown In Figure 5, indicates that the 



HRLA tool is widlin its operating dosnam and diat the 4- 
ft venicai tesolntion ATT curves should also be valid. 
Despiie dietr validity die responses initially appear to 
indicate different uninv^ded fo(ro8tion.iesistivide3. The 
pad tneasmed i?- (RXOZ) response indicates that a high 
resistiviQr zone eidsts nearibe bocehc^e wiOl. 

Tb^ HRLA and AH" radial response plots, also available 
ftom the Mfeb-based planner. d»wn in Figures 6 and 7 
Mc^ diat in ttiese conditions the separation between 
me H RLA responses leinains small umO the Invasion 
fewit is at least 2 hl into die formation. In additioin die 
high-ieslstivity invaded tone afflscts aD Oe lafcndog 
rwponses, ance they respond to die resistiviiies in series. 

In connast. the induction response is largely unafifeeted 
^ ttte thin high-resisti^ty zone, wiA die m^ority of the 
ATT curves indicating a vahie close to A until the inva^ 
Sioo radius becomes quite largft The inductkin instnimeat 
W sensitive to the high conductivity of die uninvaded 
zone, ntther than die low oooducliviv of the invaded 
zone, and is relatively unalfecied by tiie damaged layer 
»riio«id be noted dtat in tnost sidiatioas nddier tool will 
"read" R, ditecdy, but wiU tequtie some sort of inversion 
to detemnne /{^ 

The majority of reservoirs drilled wirti water-based mud 
bare < Ah Where ^ is greater Chan about 50 times 
d» induction re^ionse is degraded by diis extended zone 
Jflow resistivity in parallel with the high resistivity A. 
Tbis ratio is also a fbnction of hole mgosity, widi die 
taAiCtiott tool supporting a lower laiio in fawMiole con- 
ditions. Even in smoodi-bole conditions, variations in 
invasion tadins can excite 20 indwotion rehouses on the 
deep logs dial malce getting pcobleniatic. In diis case 
die laieiolog is d)e prefiened instrament because the 
invaded 2»ne degrades die inductioo zesponse in much 
d» same way as an enlarged borehole. 

Where die oomrasi between ^t, and R, is less than a fac- 
tor of 50 both the Induction and iaterolog instruments 
jaeld valid responses (provided the borehole conditions 
discussed earlier am met). However, diis does not mean 
rtiat tiiey will indicate die same fiorroatton resistivity BBE 
value. Differences between the two indicate that we need 
to look in gieaier detail at the formation being measured 
to determine why die tools respond diflcrentty. 

The*e «r« a number Of influences on the reSpOOSe Of thfiSe 
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resistivity instniraaws thai are not taken into accoutit in 

tbe nal-^ime ^quick-look'' procesdns available at ttie 

well$it& These indude 

« shoulder-bed effiBct« 

» dipping beds 

• fonnafion anisocropy. 

Shootder-Bcd Effects 

All formation lesistivity tnstniment responses assume a 
basic fbrroatlon model. In the simplest of cases this 
involves an infinitely thick bed; such as is shovm in 
Figuie 8, with hivasion as the only explanation for sep- 
aration of die curves. All resistivity hnerpretation prod- 
ucts available at die wellsiie today apply this modBl to 
extract Aand values from the Instmment tesponses. 
The use of boddng. or focusing, cunents in laterolog tool 
design and signal processing In induction lesponsB com- 
putation ensvies that the instninaents respond piimaiily 
to the formation direcdy is from of die tooL In most cases 
these focusing methods are sufficient to ensure that tb^ 
ID formation approximation is sutfictently accutate to 
expIaiA die tool response and dm$ derive an aoouate 
resistivity profile. 

However, in i^cis with high resisdvity contrast to their 
adgaocm Uy«csr tlus ID assumptioo can lead to errors, 
since the '*$houlder-bed effects** are oot taken into 
account by the simple framadoo model. This is a pattic- 
Ul» problem for laMrolog-type tools, where a 2D model 
is requited to describe the intBiacdan between the tool 
and the fonnation (Figure 9). The HRLA cdtient flow 
assumed in die ID radial inversiOD is dose to mat in a 
bomogeneoQs focmadon, shown in figure 10. For lah 
efdo^t the ptesenoe of significant resistivity contrast 
between laytn results in defecusing of the currents from 
tbe lOOL The currents fOWKrvf U» pam of lect^t restsiance, 
2S Shown in the "antisquecze^ example in Figure U- In 
this case tbe compaiativdy low resistivity of the beds 
above and below the interval of interest allow die currents 
to **Ieak ofiT into die shoulder beds, distorting the cuiRait 
(fistributioo. ^""^ the ID computation of foimaticm resis- 
tivity assuiM dtat the cnneot distribution is as ha Figure 
9, lUa ^fitoctioa will result utstpiifieantundeiesttma* 
tion of the focmatioo lesistivity and hence reserves-ln- 
place. In this ^ase a moie complex fbtmadon model is 
nquind to account for tbe Sboukier bed& Application of 
8 2I>fonDation model simultaneously accounts for bore- 
bole^ shoulder-bed ai^ invasion effects when solving fosr 

yieldxng a oxofe accurate formation resUtivity. 
The effect of fixute bed diickness on botft array laierolog 



and anay induction responses needs to be taken uito 
account when considering wbich instrument to use for . 
formadoo teslsdvity evaluatioo. The computed HRLA 
and AIT responses to an 8-ft layer with = 100 ohm-m, 
^ -10 olun-m, and an invasion radius of 20 in^ sur- 
rounded by shoulder beds of I ohm>m, can be seen in 
Ftgwe 12. Despite tbe job planner, shown in Figme 13, 
indicating that both instzuments yield valid results, it is 
obvious that fbrther processing is xeqiiired to extract 
accurate formadon resisdvities since tbe real-tiBie pro- 
cessing of neither iodtKdon nor laterolog tools takes into 
Kcoont all the possible ioflnenDes on the measurements. 
The tesults of the advanced processing are shown in 
Figure 14. Maximum Entropy Resisdvity Log INvetsion 
(Med'm), coupled with ID radial inversion, prodnces a 
close estimate of the formadon parameters, while 7D 
inversioo of die HRLAdata yidds a result even closer to 
lliB inidai modeL 

It diculd be noted that die HRLA 2D inversion tecfaniqve 
invem dm data hito a rectangular bedding profile of the 
same type used in the model, while die Meriui inversion 
model assumes.a sequenoe of very thin layers. This lat- 
ter assnrr^on produces *%ansitions** at the bed bound- 
aries, as seen m Figure 14. Work to extend the 2D inver- 
sioQ software to include the ATT-famaly tools in vertical 
wells is under way. However, fior deviated wdls «ddi 
invasiDn. Medin processing followed \y ID m^al inver- 
tiOQ will remuD the oidy way lo inteipret invasion with 
indncdon fools. 

ATT log response can show anomalies in dte presence of 
mgh shoulder-bed contrast coupled widi higji-coodnc- 
dvi^ (< 2 ohnwu) shoulders. This is a tesuh of die use 
of die Bom appcoximadon to define die responses lued 
for tbe current leal-iime kg processing. This fooismg, 
which includes contributkms from many depdi Imervate 
around the tool, woncs best when the msrcument ia in a 
low-tO'moderate contrast environment, with shoulder 
resistivities bdow 2 ohm-m-coupled with diouldcr4iBd 
contrasts above 50:1. tbe Bom4)ased tool response ts 
poor. A new field processhig which docs not use dw Bom 
approximation has been developed to address these 
issues, espedally in higb-contcast formations when OBM 
has been used. An example of the new pcooessiiig oonw 
pared to die Born-based processiiig Is shown ID Fi^tfe 13. 
The high contrast between the reservoir resistivity 
(100 ohnvm) and that of die conductive shoulder beds 
(0.7 ohm-m) causes die standard ATT responses to over- 
shoot in die resistive reservoir. The new logs are well 
IWbaved In rhesc difncult indwciicm-losging environ^ 
iMots. It shook! be noted diat, if watep-baded mud is used, 
the HRLA tool is the tool of choice for this difficult envi- 
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. However^ when OBM ift used^ we have to r^y 
on induction messufements. 

Wpfring Layer Effect 

The Ibcudng mechanisms of bodi latetblog and inductioo 
instnunems assume that the Uyeis are peipendicular to 
the axis of die tooL Tlie presence of felative<fip betweco 
the axi$ of the tool/boiehole and the fbnnadoo layers 
introdpces fbrtber complexity to accurate resisdvity cval- 
ualioa.Thi^ relative dip can be due to a vciticai borehole 
thcoush dipping layeis, a deviated borehole tftfough hor- 
izontal layers, or a oombination of the two. In ihis case 
a 3l>fiormatibn modal, $ueh as that shown in Figme 16, 
must be applied to explain die xespcoses from die resis- 
tivity instfuraeois and hen c e extcacc a more eocumte R,. 
For the anay laterolog 3D processing is available in the 
HRLA2D software. ModeUng for ATT tools In 3D ftai^ 
maiioas is available widi die SLDMINV modeliaa code 
(Anderson ern/., 1999). 

Fbr AIT responses die maxinmoDMninjpy Meriin invert 
sion (Barber er aL, 1999b) can be naed to account for die 
efiBxt Of dipping layers on dke lespoose of die Jnstromem. 
Bgtne 17 shows Mexlin processiiig of ATT data in a v*«U 
widl 65" relative cfip between die fermatiQa iayeis »id die 
tool/borehole axis. The field prooesdng (designed ft* 

0" dip) shows artifacts and we know it does not read cor- 
"^y- 7^ processed resnlts show cobetent resistivity 
sq>«mion in the top zone and a dnunadc Inciease In 

estimaned 

■ Anisotropy 

The borehole and fbrmadon lesistivides to which tesi&- 
dvity insinxments respond have traditionaUy been subdi- 
vided into rht e<)aivalenc resisdvides, R^R^wAR^^ns 
shown io Figure 18. However^ dus allocadoa of equlv- 
abnt resisdvities may not be sufficient lo accurately 
4M«nbe resistivity^ dis«rit>tiaoa Id ilio fonnttCion. The 

mdnvaded focmadon redstivxty. ^ for example, may 
vary in each of die ttixee spadal dimensions* as bidicated 
graphically m Figure 18. In a vertical horehole wiUi 
honzonial layers, mducdon mstninients will be more 
sensidve to /^j and while laterolog instruments, wirti 
cnnents retumiog to the tools above and below the cen> 
tET of die instrument, will be sensitive to a combination 
of /Zw and Rr. For the Icnown sources of anisotropy, saod- 
Shale layering and de&n-sand grain-size layering (Klein 
et aU 1995), die anisotropy of the invaded zone will be 
^«ady reduced. Modeling of cases widi isotropic inva- 
sion and anisotropic uninvaded zones show that sensi- 
tivity of the RLA5 curve lo anisotiORy is linki afleeied 
1^ isotropic invasion. Using these observed responses. 



differences between the laterolog and logs should allow 
us to detect such vertical anisotropy. 

Recent work has shown diat in die "overlap zone,** die 
reqxmses of the arr^ laterolog and array indnctioo can 
be integrated to yield an estimate of the resistivity 
anisotropy. Figure 19 shows the modeling of an invaded 
anisotropic formation widi R^>Rm> The AIT and 
HRLA responses to this fiocination are also shown. 
Solving Utcttt using a step-invasion profile model on the 
AIT data, we see that die AIT tool responds primarily to 
die horizontal resisdvity, ^ at shown in Hgue 20. 

Using the fbund, we now solve to find die value of 
at each level diat accounts for die RLA5 response of die 
HRLA. The and found by tins processing are 

shown in Figme 21. While there are ohvionsly shotdder* 
bed efifim at the edges of the invaded zones, the ability 
lo detect die pcesenoeof resistivity anisotropy to vertical 
wdls is deaily disid^yed. Altfiough logging comfitions 
were not ideal fbr die ATT tool. Figure 22 dmws ATT 
and HRLA logs in a weU jD a sand twerwHt Figure 23 
shows the resulu of die anlsouopy inveision. Ongoing 
development of this methodology should allow quantita- 
tive evahiation of resistivity in vertical wells where boce- 
hole and focmatioo coodidoas &11 In the**ovcriap*' region 
of die two tools. 

Other Complex Formation Models 

The data content of array measurements also allows 
detection and evaluation of complex invasion profiles 
such as EBmp and anuulns profiles. In addition to account- 
ing for shoulder-bed* dipp^-bed, and anisotropy ejects, 
fkimre processmg using ifaeise amy mBssineinents will 
enable the evaluation of more complex Substirftce 
Seometiies, such as die aziinuthal variation lo resisdvity 
oflen seen in horizontal wells. 



Selection of the appropriate resistivity evaluation tool is 
crucial (o ensuring that the best estimate of formation 
resistivity is delivered in real time. Improvements in 
electronics, materials, and processing have significandy 
increased the operating rsnge of the latest an^y-rcsistivtty 
instruments in comparison to their dnal-measuremeni 
predecessors. New selection aids such as a Web-based)ob 
planner and real-time IXtC flags have been developed BBI 
to fordier aid in detenrdidag the appropriate ranges of 
operation. 

In some cases, the simplifying assumptions used to 
efthancc well«itc-pit>cft$sing speed do noi produce the 
Optimum answer, such that even the tool best fitted to the 
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environment i^uires posi-processing. In such cases the 
ddditional informaiion available in the arrtiy measure- 
ments is critical for post-processing algonthim v^ch 
more accurately accounts tor influences on the tool 
responses. Processing such as HRLA2D for the HRLA 
data and Merlin for the AIT data can substantially 
enhance formation resistivity evaluation and hence 
ieserve$-in*place calcularions by accounting for influ- 
ences such as shoulder-bed and dipping^sed effects. 

The recent introduction of the array laterolog toot has 
delivered a new wave of lesisiiviiy evaluation infoimar 
tion to complement the anay induction insttumenis. 
Where boiehole cnviconment conditions pemut* diffor- 
enoes in d»r responses can yield a gieat deal of infbr- 
tnaticm about fbraiaiion tcsisdviiy distributions and hence 
hydncacboa satoiaiiofis which may otherwise have been 
ndssedt 
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Hgme 3. W<*4w5cd Job irfannw rhat iixdi<»t« die vaM 
operating ranges liw tlw ATT Amy Inducrioa Tool and 
HRLAHi^RasQlutiDD Latentlog Airay tool in an infi- 
nte, bomogeneoos, imtovaded fcnmatkm. Tlie Hn^ 
aooording to die boiefaola size, tb<d poaidon and J?/R, 
ratio entered by die us«r. A red fine to ptotiBd bet^ 

iZ/R-aDd /?^JC values to todicate the rcsisdvityiap^ BE 

expected in a giiren interval. Hiia aBows the oser to 

jadge whedier die rcsislivilies fell in the AIT range, die 

HRLA range or to die ovei!^ zone (as is shown in dus 

case), where environtoental conditxans allow valid meas- 

iDOTcnis by botti indiicriofl and laterolog insinmients. 
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ngme 4. DifTenenoes in tbe laterolQg and inductkm 
les poiM ft s in tikis fctindtiOd) bfe^ftxpiliiinind by a tfaln 
zooe of high resisdvity near the wellbon^ponnily cansed 



HRLAAmyRnponnviRadhimotkivaatan AIT LOQ n««POnM (Mbift Of liwttldil 




Figure 6. HRLA array response in a pis ton invasion pio- 

file with Kt = 0^ fOMm-m and » 3 ofam-m. 'Fieare 7, ATT amy xespanse in a piAUm-mvasion profile 

with Rf s 0^ otni-in and = 3 oIibi-ib* 
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Figure 13. Opexatiiig envelope for the center bed ooodi- 
tions afaown in Figiins 12. 







s- 

B- 




MMiiij-^ i 




HRLAi 






Z- 








2Dfei|«ikui 






t- 














8- 








' 1 h- 














» 






8- 

d< 

X- 




















\ f 




! 








it- 






- 1 

. _. i 








9- 


±±i: 




1 
1 








8- 




















\ \ 




- 


1 






B' 




— IH 






i 






5- 
• • 










i 
f 






a- 










1 






8 










I 



'l — ' — 

H»AI, 



AIT ni- 
si o 



HRLARt- 






...J s 
















-H 

1 
























































1 




















r- 












! 








h 







































Hgiire 15. AIT log$ in a faigb-connast, law-masMty 
sboulder situ&ticm. Bom-based field logs ovenhooC; new 
Rgnre 14. Results of 2D inversion on tbe HRLA dam non-Bom logs bebave weU. 
co mp a re d with MddapiDcessiagfolk)^ 
invexskm of d» AIT data. 
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Hgure 1 8. The equj valent iminvaded formation resistivity, 
may be an oversimplification of an anisotn^lc fbnnation 
resistivity <Jistribution. Induction and amy iostnunems will 
ie$pond differently to the fttsistivity components because of 
the difference in the pbyucs of the instnunents. 
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ATT-H «nd HRUA Computed Logs 
ftoAifthfity (flhfih.ng 



AIT-H d'Pammeter RadiQl Invertion 
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19. Air-H aiid HRLA data in a 2D finmatkm with 
aidsotiuplc layen of vaiying fludoiess. 

AIT-HRLA Ahisotropy Inversion 



Rguro 20. iDvenion cf An* data fiom Ite soeoadD slx>w^ 
in FIgim 19 usidg a stcp-invasioa profile model. 




Figuze 21. in the veitical-wea ibnziadon nuidd of 
18 ejQxaeCDd from a tmittfbnn nsing ATT and HRJLA data. 

PA(Xtil6i'RCVDAT12ief2imi2:l»:22m|EasteniSlndard 



MfiDflNMDSSMflNSRIRRM Fax: 71 32668510 



Dec 5 '04 11:26 P. 66 




13 

PA6E6tlN'RI»fDAT1MII04t2:(l$:22PM|^as(em8twdardrnie]'$VR:U8l>TO^^ 



